In the tobacco seedling production system, water moves up by capillary action from the water bed to the surface where it evaporates. Salts that accumulate after evaporation cause injury of plants. Some of the well noted effects include ion toxicity and reduction in seed germination, plant growth, and reduced crop yields. An experiment was carried out at Kutsaga Research Station in Harare to optimize mulch quantities in tobacco float seedlings for the control of salt injury and improvement of seedling quality. Vlei grass mulch was applied on experimental plots at 0 kg/ m 2 (0 % mulch), 58 kg/ m 2 (50 % mulch), 1.16 kg/ m 2 (100 % mulch) and 1.74 kg/ m 2 (150 % mulch) in two seasons; 2012 and 2013 in July and in August. Germination percentage, survival counts and seedling damage assessments were measured at 7, 21 and 28 days after sowing (d.a.s). Growing media samples were collected for electrical conductivity (EC) and pH measurements at the same time. In both the July and the August sowings, germination increased with increasing mulch levels. The highest germination percentage (80%) was attained in August at the 100% mulch covering. Growing media pH did not significantly differ under different mulch levels but increased with days after sowing in both July and August. Media EC increased with days after sowing, generally, but lethal levels were reached on August sown seedlings at 0% and 50 % mulch rate. Seedling stem diameter increased with mulch rate in both sowing times, with the maximum attained at 100 % mulch rate. Stem height decreased with increasing mulch rate in the July sown, while the reverse was true in the August sown, where the maximum stem height was attained at 100 % mulch rate. The results show that mulch at the rate of 1.16 kg/ m 2 (100 % mulch) is required for salt injury control in the floatbed for the improvement of seedling survival and seedling quality, measured as stem height and stem thickness during the warmer times of the seedbed season.
Introduction
The production of tobacco generally involves two steps, the production of seedlings and then the transplant of seedlings to the fields. The production of healthy transplants is the first step towards the production of good quality tobacco. An ideal transplant is disease free and hardy enough to survive transplanting shock being 10-15cm long, pencil thick with 6-8 leaves, (TRB, 2012) .
Tobacco seed needs special conditions during emergence because of their small size. For this reason, seeds are not sown directly in the field. Instead, a seedbed for seedling production is prepared where seeds are shown on the seedbed and the seedlings are transplanted to the field. Therefore, production of ideal seedlings has an important role in tobacco production.
Historically tobacco seedlings were grown using the conventional system which required the use of methyl bromide for sterilization of soils to eliminate weeds, nematodes, pathogens and other pests (Rosskop et al, 2005) . The conventional system involved direct sowing of seed on raised beds after fumigating the soils by methyl bromide. The float tray system is an alternative method, which excludes the use methyl bromide in seedling production (Katasaruware and Gwembire, 2014) because methyl bromide was found to be dangerous to the environment (Rosskop et al, 2005) .
In the float seedling production system, water moves by capillary action from the water bed to the surface (Mazarura, 2004) . Evaporation of the water from the media surface causes salt accumulation, which may result in injury to the plants. The established effects of salt injury included plant reduced growth, imposition of other stresses such as ion toxicity, as a result of ion entry in excess of appropriate content (Ghazizade et al., 2012) , reduced seed germination and reduce crop yields (Baghbani, 2013) . Salt causes reduction in germination, delays emergence and scotching of leaves (Kaya and Ipek, 2003; Kaya etal, 2011) . The concentration of salts in proximity to the tender leaves and stems of the seedlings results in a shift in the osmotic balance such that water is lost to the growing media from the seedlings resulting in desiccation of the plant. The depression of external water potential by salinity, which occurs instantaneously with the increase in salinity, narrows the gap between the external (soil) and internal (plant) water potentials, and as a result the leaves show an almost immediate reduction in growth rate (Passioura and Munns, 2000) . As fertilizer is added into the float bed, the concentration of soluble salts increases severity of (Bojović, 2010; Akbarimoghaddam et al., 2011) .
Mulching is one of the most important ways of maintaining a healthy seedbed environment (Bennett, 2002) . The application of grass mulch can be an effective method of reducing salt accumulation to the levels that cause salt injury. Plant residue at the soil surface reduces evaporative water losses, thereby limiting the upward movement of salt into the root zone (Horwath et al, 2008) . Evaporation and thus, salt accumulation, tends to be greater in bare soils and, as a general recommendation, fields need to have residue cover to reduce evaporation (Cardon et al, 2014) . Under crop residue, soils remain wetter, allowing downward movement of water to be effective in leaching salts, particularly from the surface soil layers where damage to crop seedlings is most likely to occur (Yang et a,l 2006 ) .
Vlei grass is a densely perennial tufted grass with short, thick rhizomes. It occurs throughout tropical Africa, and it usually grows in damp places such as vleis and riverbanks, on black clay soil. It is also found at the edges of forests and sometimes on stony slopes, usually in fertile soil. The grass makes good mulch because it forms a continuous thick, dense layer which effectively controls evaporation from the media surface. In addition it controls weeds. However, unregulated application of the vlei grass may cause more harm than good, over application of the mulch may reduce seedling survival while under application of the mulch may not sufficiently discourage salt accumulation (Horwarth et al, 2008 ) .
In 2010 and 2011 seasons the Kutsaga Research Station's commercial seedling project suffered severe losses when the seedlings were affected by salt injury. Up to 51% of the crop was left and only 590 ha out of an expected 1200 ha was achieved (TRB, 2012) .This study aimed to establish the correct mulch application rate as well as the time during the season when the mulch is crucial for seedling survival in tobacco float seedlings. It was hypothesized that an optimum mulch rate and timing modifies media pH, and suppresses evaporation from the media surface, hence reducing salt built up on the media surface.
Method

Study site
The study was conducted at Kutsaga Research Station which is in Harare, Zimbabwe in 2012 and 2013. Kutsaga is located in Agro Ecological Region IIA of Zimbabwe, with geographical coordinates of 17˚ 54′ South and 31˚ 08′ East at an elevation of 1496 m above sea level. In summer and winter the average temperatures are 32˚C and 18˚C respectively. The average annual rainfall is 800 to 1000mm.
Experimental Design
The experiment was designed as a Randomized Complete Block Design. The experimental site was fenced with some thatch grass. The treatments were blocked against shading effect of the thatch grass which fenced the experimental site. One flue cured tobacco variety, KRK 26 was used. The variety used was KRK26 which is the most widely adapted flue cured tobacco variety for most tobacco growing areas of Zimbabwe.
There were a total of 4 treatments (Table 1) which were replicated 5 times. The treatments were subjected to various masses of grass mulch in order to determine the optimal quantity of mulch that may produce good quality seedlings. Two sowing times, July and August were used. The July month would mark a transitional period towards the end of the cold season, while August would also mark a transitional period towards the beginning of the hot wet season.
The vlei grass mulch used in the experiment was first subjected to thermal heating at 65 o C for 12 hours, where weed seeds and some pathogens that may be harbored by the grass are destroyed. A digital scale used to measure the mass of grass mulch for each treatment. Each plot consisted of eight 242-cell trays. 
Experiment setup
The field experiment commenced with the construction of 20 floating beds of 2 m in length and 2 m in width and 2 brick courses high. The entire construction was lined with 250 μ black plastic sheeting that is at least 1.5 m wider and longer than the inside dimensions of the bed to allow for the plastic to be laid over the top of the wall to hold the plastic in place. The bed was then filled with water to a depth of 12 -15 cm throughout. This effectively flattened the plastic against the sides of the pond and any wrinkles were pulled straight during this final exercise.
Each plot consisted of 8 trays where tobacco seeds were sown. Mulch application was done soon after sowing on the 15 th of July and 15 th of August in both 2012 and 2013. After the initial bed filling, water was replenished regularly to avoid trays and media drying. The amount required varied with the prevailing environmental conditions. Fertiliser was applied at concentrations of 25, 50 and 75 mg N/ litre of water in the trays at 7, 21 and 35 days after sowing respectively. Six weeks after sowing, ammonium nitrate (34.5% N) was applied at 100 mg N/ L of water. Algae was prevented by applying a Quaternary Ammonium Compound (QAC) or copper-oxychloride in float water at sowing. Copper oxychloride was applied at the rate of 0.012 g/ L of water, Sporekill at 0.3 ml/ L and Pentakill 0.18 ml/ L for one hectare of seedbed.
Metalaxyl (Ridomil MZ 68% wp) was applied 5 weeks after sowing at 0.125 or 0.25 g/L of water (= 5 or 10 ppm/ L of water) to control pythium root rot. This was a preventative treatment, . Proper sanitation included foot bath, hand wash before entering the site and handling seedlings was done.
Data collection
Emergence counts were done seven days after sowing in all plots. Media was also collected from every plot for pH and EC measurement. Seedling damage assessments were done at seven day intervals from day 14 to 63 and the seedling leaves were assessed in a plant clinic. The assessment data was obtained from the net plot, being the four centre trays out of the eight tray float bed. Stem height was obtained from measuring the stem starting at the tip of the root zone using a 30cm ruler. Stem diameter was obtained from measuring the diameter of the stem just above the roots with a veneer caliper at termination of the experiment, after 12 weeks.
Data analysis
Data was subjected to one way analysis of variance (ANOVA), using Genstat software 14 th edition. Separation of means was done using Least Square Design (LSD) at 5% significance level. In both the July and the August sowings, germination increased with increasing mulch levels. Germination percentage at 21 days after sowing was higher in the August than in the July sowing at all corresponding mulch levels. The highest germination percentage (80%) was attained in August at the 100% mulch covering. Significant differences were noted between treatments (P < 0.05) NB. Means containing the same letter(s) in a column are not significantly different.
Results
There was a general increase in seedling survival in both the July and August sowing periods. There were significant seedling survival differences in the August sown seedlings (p < 0.05). Significant differences in the August sown seedlings were noted between the 100% and 150% mulch coverage treatments. The highest seedling survival rate (80.1 %) was attained at a mulch rate of 100 % in the August sown seedbed. Figure 1 . Effect of mulch on media EC in the July and August sowing periods Growing media EC varied significantly under different mulch levels in both July and August sowing. Generally August sowing had higher growing media EC than July sowing. There was generally an increase in media EC as the number of days increased in both sowing periods however, in August a decline in growing media EC was observed at28 d.a.s. Figure 2 . Effect of mulch on media pH in the July and August growing seasons.
JULY SOWING AUGUST SOWING
Growing media pH did not significantly differ under different mulch levels. However, in both July and August pH increased. At 7 days after sowing, average pH was 7.0 and 6.8 in July and August respectively. At 21 days after sowing pH decreased to 6.3 and 6.1 in July and August respectively. There were significant differences in stem diameter under different mulch levels (p< 0.05) in both the July and August sowing periods. In both the July (3.760 mm) and the August (4.360 mm) seedbeds, the 100% mulch rate had the thickest stem diameter, with the 0% mulch rate treatments having the least (2.800 mm and 2.360 mm respectively). Table 5 . Effect of mulch on stem height NB Means containing the same letter(s) in a column are not significantly different.
In the July sown seedbed stem height decreased significantly (p < 0.05) as mulch rate increased from 16.3 cm at 0% mulch rate to 4.2 cm at 150% mulch rate . In the August sown seedbed, seedling height increased with the mulch from 7.08 cm at 0 % rate, to 12.3 cm at 100% mulch rate. However the seedlings at 150% mulch rate had the least stem height of 4.26 cm.
Discussion
The utilization of the vlei grass mulch had a very favourable effect on seed germination and plant growth of tobacco seedlings in the float tray system. Rowan (1980) demonstrated that emergence of various seeds varied according to mulch type, mulch level and nursery climatic conditions immediately following sowing. Tobacco seeds are extremely small and, and with a warm temperatures requirement for germination of about 24-27 0 C (TRB, 2012), benefitted from the warmth improvement from mulch application as noted in both sowing periods (Table 2) . Cool temperatures conditions during germination, such as those that are generally experienced under Highveld Kutsaga research station area in June-July, cause slow germination, and extend the germination period as reported by Jamil (2006) . The higher germination percentage in the August sown seedlings could have resulted from the temperature increase as the southern hemisphere summer approached (Monteith, 1977) . As Edwards et al. (2000) reported mulches act as insulators, keeping the soil warmer during cool weather and cooler during the warm months of the year.
The EC levels for the July sown seedlings were all below the lethal level of 1500 uscm -1 , and seedling survival counts at 28 days generally increased but not significantly different, probably indicating effectiveness of mulching as coverage increased mulching for salt injury protection. On the other hand, the low seedling survival counts at all other treatments, save for the 1.16 g (100%) mulch rate, could be an indication of the need for mulching during this period of the tobacco seedbed season. The 28 days after sowing period also coincides with the period of maximum EC levels in the August sown seedlings. Evaporation from the media surface would be higher where mulch is applied at lower than optimum rates and this increases the media EC (Jamil, 2006) , thus enhancing deposition of the salt crystals in the upper layer of the growing media surface. Doring et al (2005) reported that nutrients may be unavailable to the seedlings if growing media EC is higher hence the survival count was lowered as growing media EC was higher in treatments with lower than optimum mulch rates.
The 100 % (1.16 g/ m 2 ) mulch rate may have reduced evaporation rate to such level the salts would be diluted to levels that had no effect on the plant as reported by various researchers (Ghazizade et al., 2012) , resulting the high seedling survival counts. Elevated salinity also slows down water uptake by seeds, thereby inhibiting their germination and root elongation (Katembe et al., 1998) . Mulching also increases water use efficiency through water conservation (Gupta et al., 1981) .
Media pH did not significantly differ on different mulch levels, but, increased with days after sowing in both July and August experiments. Pearce (1998) reported that the initial fertilizers applied on crops cause a slight fall in media pH. The pH reduction results from the addition or retention of organic matter, with organic acid produced from decomposition of plantderived materials. The decomposition of organic matter results in the formation of both organic and inorganic acids (Busato et al., 2012) , which cause the basic ingredients of the potting medium, such as calcium, to dissolve and eventually leach out, resulting in lowered medium pH. However, other researchers (Watson and Kupkowski 1991; Greenly and Rakow, 1995) found no change in soil and media pH after applying organic mulches. The observed increase in pH with days after sowing could a result of fertilser additions at 7, 21, 28 and 35 days after sowing.
Stem diameter was influenced by mulch levels. Spiers (2005) found plants without mulch to have the smallest diameter at all growth stages. This may have resulted from higher EC and lower pH, both of which may have reduced nutrient availability to plants. Salinity prevents the plants from taking up the proper balance of nutrients required for healthy growth (Bojovic, 2010) .
The decrease in plant height of over mulched seedlings might be due to shortage of light on the seedlings (Watson, 1988) . The increased plant height in mulched plants was possibly due to better availability of media moisture and optimum media temperatures provided by the mulches with an effect of increasing water use efficiency through water conservation (Gupta et al., 1981) .
Conclusion
The August sown float seedlings responded to mulching in terms of germination percentage, seedling survival and seedling quality measured as plant height and stem thickness. Mulching on July seedlings is needed more for germination improvement than for salt injury control, while for August sown seedlings, the mulch is needed for both purposes. The 1.16 g/ m 2 mulch rate appeared effective for controlling salt accumulation under hot seedbed condition, as shown by the improvements observed in the germination rate, seedling survival and seedling quality traits of stem thickness and seedling height. Although two sowing period were tested, the July results can be applicable to the cool period of June and July, while the August results can be applied on the August-September sowings. There is need to test more parameters which include root length, dry mass and seedling yield.
